In typical diagnostic applications, intense ion beams are intercepted by a conducting plate with slits to measure beam phase-space projections. This results in the transverse space-charge field near the plate being shorted out, rendering simple envelope models with constant spacecharge strength inaccurate. Here we develop a simple corrected envelope model based on analytical calculations to account for this effect on the space-charge term of the envelope equations, enabling more accurate comparisons with experiment. Results are verified with 3D self-consistent PIC simulations.
INTRODUCTION
Low-order models of intense ion beams often employ the rms envelope equations to describe the self-consistent evolution of the beam edge in response to applied focusing, space-charge, and thermal defocusing forces. ' Such envelope models are typically solved with constant beam emittances (phase-space area) and peweance (space-charge strength) to extrapolate experimental measurements and understand the evolution of the beam envelope away from diagnostic stations. Developing a simple model to compensate for changes in the envelope induced by plates used in diagnostics is important to enable more precise estimates of the beam envelope without the need for large simulations. Elimination of systematic errors in this process improves beam envelope control and matching -important to limit the generation of beam halo and related particle losses.
ENVELOPE MODEL
Consider a long-pulse, unhuuched beam with panicles of charge q and mass m movin with axial velocity j j b C and relativistic factor Yb = I/,,&&?
We take the transverse orbit x(s) of a beam particle to satisfy the paraxial 
Differentiating the equation for rZ and employing Eq. (1) yields the envelope equation
Here, Q = qX/(2momc2&3~) = const is the dimensionless perveance (A = const is the line-charge density of the
is a form-factor, and 
SELF-FIELD SOLUTION
We model a beam near a conducting plate as impinging on a perfectly conducting plane at.z '= 0 in free-space from z < 0. Then the method of images can be used to solve for $ in the beam region with z < 0 as w h e r e x = x x + y + + z i a n d x r = x k + y + -z g a r e the direct and image coordinates, and we have dropped an arbitrary additive constant. We further idealize by assuming that the beam is normally incident with uniform density and a constant, round edge-radius (r2 = T~ = R = const). 
The radial field limit is the usual expression for a uniform density beam of radius R. The axial field limit shows that 4 (~ = 0 , z ) logarithmically diverges in 121. This divergence is related to the 2D nature of the problem and shows that this model is inadequate for direct use in estimates of axial acceleration induced by the plate. Regularization of this divergence to model image induced self-field accelerations can be carried out by adding a grounded. cylindrical pipe to cutoff the self-field interaction range (as would be present in the laboratory).
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CORRECTED AXISYMMETRIC ENVELOPE EQUATION
We apply the self-field solution above to motivate a simple, corrected envelope equation for an axisymmetric beam with a normally incident centroid impinging on a conducting plate from z < 0. We take &%(s) A numerical solution to the corrected envelope equation (12) is plotted in Fig. 3 together with -20. 0.8833 -13.1644 0.8825 -13.8492 0.8836 -13.8960  -40. 0.7450 -32.3841 0.7442 -33.0866 0.7448 -33.1350 0. 
CONCLUSIONS
Generalized transverse envelope equations were derived to improve modeling of intense ion-beams impinging at normal incidence on a conducting plate. These equations were analyzed in an axisymmetric limit using an analytical solution form-factor to account for the plate shorting-out the space-charge field near the plate. Model results compared well with self-consistent 3D PIC simulations. Contrasting results with standard (fixed perveance term) envelope equations for usual parameters shows that small, but significant angle errors result if this effect is not corrected. Comparisons of experimental results to envelope models were improved by incorporating this systematic effect in the analysis of the HCX experiment. In this work, we employed heuristic form-factors to model the experimental beam with elliptical cross-section:
. , Simulations verify that this replacement recovers most of the correction for elliptical beams without extreme ellipticity ( T = / T~ -3 and less) and in continuing studies we are developing improved approximations.
